We report the discovery of unambiguous, substantial absorption in the broad band X-ray spectrum of the radio quasar RXJ 1028.6-0844 at a redshift of 4.276 obtained with the ASCA satellite. The equivalent hydrogen column density, depending on the distance to the observer and the metallicity, ranges from 2.5 10 21 cm −2 for local absorption up to 2 10 23 cm −2 for absorption at the quasar redshift, or even higher if the metallicity is sub-solar. Such a value is among the largest found for high-redshift radio quasars. The absorption, if interpreted as being produced at a high redshift, may indicate the presence of a remarkably large amount of obscuring matter in the quasar environment in the early universe. Implications of the result for the possible origins of the absorption are discussed, concerning especially galactic intervening matter, cool intracluster gas, and ambient medium around the quasar jet. The quasar itself, after corrected for the absorption, has an enormous luminosity of at least 2.6 10 47 erg s −1 (H 0 = 50 km s −1 Mpc −1 , q 0 = 0.5) and a power law photon index of 1.67 +0.07 −0.04 in the 2-50 keV band in the source rest frame.
INTRODUCTION
Photoelectric absorption in the soft X-ray spectra of quasars provides unique probes of circum-source matter and quasar evolution. There is growing evidence that radio-loud quasars at high redshifts (z > 2) are commonly obscured by opaque matter-the X-ray spectra flatten toward low energies and this is attributed to absorption in excess of that due to Galactic interstellar medium, known as the excess absorption (Wilkes et al. 1992; Elvis et al. 1994; Serlemitsos et al. 1994; Siebert et al. 1996; Cappi et al. 1997; Reeves et al. 1997; Fiore et al. 1998 ). It is not known what causes such absorption, nor where they occur. Both cosmologically intervening and quasar-associated materials are proposed as absorber candidates, though the latter is favored by statistical arguments O'Flaherty and Jakobsen 1997; Fiore et al. 1998; Yuan and Brinkmann 1999) for high-z radio quiet quasars showing no excess absorption, and by tentative indications for variability of the absorption (e.g. Schartel et al. 1997 , Cappi et al. 1997 . This picture has been established based mainly on observations of quasars in the redshift range of 2 -3. The highest redshifts up to which the excess absorption is reported are of PKS 2126-158 at z = 3.3 and S5 0014+81 at z = 3.4 (Cappi et al. 1997) , and probably of Q1745+624 at z = 3.9 (Kubo et al. 1997) .
At even higher redshifts (z > 4) only two quasars, both radio-loud, were observed with fair broad band X-ray spectroscopy, 1508+5714 at z=4.3 (Moran and Helfand 1997) and GB 1428+4217 at z=4.7 (Fabian et al. 1998) . Surprisingly, none of these two objects 5 shows excess absorption. Another interesting and probably relating aspect is that both objects show blazar properties, i.e. radio and X-ray emission dominated by relativistically beamed components from the jets. Though two objects are far fewer for any statistical inference, it is intriguing to wonder whether this is typical of at very high redshifts or merely selection effects.
In this paper, we report the ASCA observation of another z > 4 quasar from our X-ray high-z quasar program (Matsuoka et al. 1999) , RXJ 1026+0844, which shows unambiguous, tremendous X-ray absorption. The X-ray source RXJ 1026+0844 was discovered in the ROSAT All-sky Survey (RASS) and identified with a quasar at z = 4.276 by Zickgraf et al. (1997) . Its X-ray colors in the ROSAT energy band indicated an extremely hard spectrum and, thus, strong X-ray absorption if the 'intrinsic' spectrum is of typical quasars (Zickgraf et al. 1997 ). The object is associated with a radio source, PKS B1026-084 (Otrupcek & Wright 1991) , which has a flux density 220 mJy at 5 GHz and a flat radio spectrum α = 0.3 (S ∝ ν −α ); hence it is a flat-spectrum radio-loud quasar (FSRQ), with intense radio 5 GHz luminosity 6 νL ν = 5 10 44 erg s −1 . We present the observation and data reduction in Sect. 2, and spectral and temporal analyses in Sect. 3 and 4, respectively. In Sect. 5 implications for the origins of the excess absorption are discussed. A summary is given in Sect. 6. Errors quoted are of 68% confidence level (c.l.) throughout the paper unless mentioned otherwise. 0, 2, 3, 4) converted from the original faint mode data are used, with the corrections for dark frame error and echo effect applied. The data reduction was performed in the standard way by using the FTOOLS (v.4.2) utilities. Hot and flickering pixels were removed from the SIS data. To improve the reliability of the results, we chose conservative data screening criteria, which are listed in Table 1 .
The source counts were extracted from circular regions of 3.5 and 5 arcmin radii for the SIS and GIS, respectively. The backgrounds were determined in two ways: from blank sky observations from the same region of the detector and from source-free regions in the field of view of the same observation (local), and were compared with each other. In the latter case, for each of the GIS detectors two local off-source regions at the same offaxis angles and with the same radii as the source region were used to extract background events; for the SIS, the whole CCD chip was used excluding a circular region of 5 arcmin radius around the source. In addition to closely matching the screening criteria, local backgrounds have the advantages over blank-sky backgrounds regarding the uncorrected decreasing of the lowenergy efficiency for the SIS and the variability of the internal background for the GIS. This is especially true considering the long time span between blank-sky and the current observations. We thus mainly used the local backgrounds to derive results and used blank-sky backgrounds for comparisons. The resulting effective exposures and extracted source counts are given in Table 1 .
Since the two GIS have identical response matrices and the two source spectra agree well with each other, we combined them into one single GIS spectrum 7 . All the spectra were rebinned to have at least 30 counts in each energy bin. We used the most updated releases available so far for the response matrices (V4.0 GIS RMF gis2(3)v4_0.rmf, V1.1 SIS RMF and the calibration file sisph2pi_110397.fits) in spectral fits. Due to the increasing degradation of the response at low energies, the calibration for the SIS is uncertain below ∼ 1 keV; we ignored the data below 0.7 keV in spectral fits but compared them with the fitted models. The energy ranges used for spectral fits are 0.7 -9.5 keV for both the SIS and GIS.
EXCESS X-RAY ABSORPTION

Power law with local absorption model
The Galactic column density in the source direction is N Gal H = 4.59 10 20 cm −2 (Dickey & Lockman 1990) . A fit with a single power law model absorbed by 'cold' gas (model wabs 8 in XSPEC v.10) with the column density fixed at N Gal H gave a flat power photon index Γ = 1.34 ± 0.03 (joint SIS0, SIS1, and GIS fitting, see Table 2 for the fitted parameters). Though the model was statistically acceptable, the data below 1 keV fall systematically below the model. The deviations are more pronounced as shown in Fig. 1 , in which the above model was fitted to the spectra in the restricted 2.5 -9.5 keV band only (13 -50 keV in the quasar frame) and extrapolated down to 0.5 keV. Such a low energy cutoff cannot be explained by the known calibration uncertainty for the SIS because, firstly, the GIS spectra, though being less sensitive in the low energy range, show the same effect with similar amounts of deviations as the SIS spectra; secondly, the SIS calibration uncertainty is quantified as up to about 20% at 0.6 keV (ASCA Guest Observer Facility web page at HEASARC), while in this case the deviations of the data from the model are about a factor of two on average, for both the SIS and GIS.
Setting N H as a free parameter improved the fits significantly and yielded a large column density for both the SIS and GIS. The fitting χ 2 was reduced by ∆χ 2 =6, 18, and 34 for fitting the GIS, the SIS0+SIS1, and the joint GIS+SIS spectra, respectively. Thus the addition of excess absorption is significant at > 99.99% c.l. For the joint GIS+SIS fit this gave N H = 3.0( +0.5 −0.4 ) 10 21 cm −2 , and the fitted photon index Γ = 1.67 +0.07 −0.04 is typical of the ∼1 -10 (20) keV spectra (source frame) for FSRQ at low and medium redshifts (e.g. Siebert et al. 1996 , Lawson and Turner 1997 , Reeves et al. 1997 , Cappi et al. 1997 . The residuals of the fit are shown in Fig. 2 . The 0.5-0.7 keV SIS data, which are not used in the fitting, are also plotted; these data points (the real values could be somewhat higher because of the decrease of the SIS efficiency) indicate that the model-when extrapolated down to 0.5 keVdoes not under-predict the count rates in this band. We show in Fig. 3 the confidence contours for two interesting parameters for the fitted N H and Γ (marked by z = 0). Absorption in excess of the Galactic column density is evident, even taking into account the commonly reported overestimate of ∼ 3 10 20 cm −2 for the SIS (Dotani et al. 1996) . Though this systematic uncertainty might have increased with the aging of the mission, it is far unlikely that it would account for the excess absorption found here. In fact, the large N H (3.0 +1.2 −1.0 10 21 cm −2 ) derived from the GIS spectra, well consistent with that from the SIS, is indicative of a minor role played by this uncertainty. Since the nominal systematic uncertainty for the SIS is one order of magnitude smaller than the best-fit N H value and comparable to the statistical uncertainties, we will not incorporate it in the analyses in below. Using the background spectra from blank-sky observations gave well consistent results.
For the power law with Galactic absorption model, the absorption-corrected 2-10 keV flux is 1.2 10 −12 erg s −1 cm −2 , corresponds to a 2-10 keV luminosity of 6.2 10 46 erg s −1 in the quasar rest frame. For the free-fitting absorption model, the luminosity corrected for the total (Galactic + excess) absorption is 9.8 10 46 erg s −1 in the 2-10 keV and 2.6 10 47 erg s −1 in the 2-50 keV band. These values are obtained using the GIS data; those (the normalizations) of the SIS are within 10% less of the GIS measurements. No iron K emission line is detected; an upper limit on the equivalent width of a narrow (σ = 0.01 keV) line at 6.4 keV is placed as 195 eV at 90% c.l. in the source rest frame. We found no iron K-shell absorption edge feature, setting an 90% upper limit on the optical depth of τ < 0.79 for an edge at 7.1 keV for the local absorption.
Power law with redshifted absorption
Absorption at the quasar redshift
Assuming the absorber is associated with the quasar, we fitted the spectra with models of a power law modified by absorption at z = 4.276, and further by the additional, fixed Galactic column density. For 'cold' absorption models this results in the same χ 2 with, but an excess absorption column density N exc H (2.1 10 23 cm −2 , see Table 2 ) two orders of magnitude larger than, those of the above local absorption model. We overplotted in Fig. 3 the confidence contours for the fitted N exc H and Γ (marked by z = 4.28). It should be noted that we have assumed the solar elemental abundances for the absorbing gas. The energy band at which the X-ray photons are absorbed in the ASCA bandpass (above 0.7 keV) corresponds to E 3.5 keV in the quasar rest frame; at these energies the cross section of photoelectric absorption is dominated by heavy elements, mainly O, Si, S, Ca, and Fe. Since at high redshifts the metal abundances could well be sub-solar (about 10% or less, e.g. Lu et al. 1996 , Pettini et al. 1997 , Prochaska & Wolfe 2000 )unless very close to the quasar nuclear region, we fixed the metal abundances at A Z =0.1 A Z⊙ and repeated the fitting (using zvfeabs model in XSPEC). The resulting excess column density becomes as high as N exc H ∼ 1.6 10 24 cm −2 (Table 2) . Without availability of the true elemental abundances, the determination of N exc H is subject to a large uncertainty. Possible redshifted iron K edge was searched for by fitting the edge separately from the redshifted absorption model. The best-fit edge energy is 7.2 +0.6 −1.2 keV and the optical depth at the threshold energy τ = 0.15 +0.13 −0.10 . However, given the reduction of the resulting χ 2 being ∆χ 2 = 1.3 only, the detection of the iron K edge cannot be justified, though the fitted optical depth is consistent with the prediction from the fitted N exc H (τ = 0.26). Thus, unfortunately the redshift of the absorber cannot be determined from the current data.
It is possible that the absorber is photoionized by the intense quasar radiation. A photoionized absorption model (absori in XSPEC) was fitted to the spectra, in which the ionizing continuum was taken as the quasar emission. The result is, however, inconclusive. The fit converged at essentially neutral absorption with the best-fit ionization parameter (as defined in Done et al. 1992 ) ξ ≃ 0, while some ionization is allowed, ξ < 2 and < 20 at 90% and 99% c.l., respectively. For sub-solar metal abundances the allowed ξ range becomes lower, ξ < 0.1 at 90% c.l. for A Z =0.1A Z⊙ . However, it should be noted that-though seems to be an unlikely case-if the relative abundance of iron with respect to other heavy elements is much lower compared with the solar value, the ionization state is then almost unconstrained; for instance, for A Z =A Z⊙ except A Fe = 0.1 A Fe⊙ , ξ could be in the range of 0 -1000 at 90% c.l. This is because the constraint on the ionization state comes largely from the lack of predicted K-edge features of highly ionized irons in the 1.3-1.7 keV range in the observer frame.
Redshift dependence
The unknown location of absorption introduces a large uncertainty in the determination of N exc H . The energy resolution of ASCA is not capable of distinguishing between highly redshifted and local absorption. Setting redshift as a free parameter gave almost the same goodness-of-fits in the full allowed redshift range of 0 -4.28, though there exist a few local minima for the resulting χ 2 . The dependence of the excess column density on redshift is shown in Fig. 4 , in which the confidence contours are plotted on the N exc H -z plane. The required N exc H decreases down to 2.5 10 21 cm −2 for z=0, as shown in Sect. 3.1. For a given redshift, N exc H is relatively well constrained. However, these results are obtained assuming the solar elemental abundances; if the metallicity is significantly sub-solar, the inferred N exc H value would increase substantially.
Other continuum models
Thermal bremsstrahlung model-We also fitted the ASCA spectra with redshifted thermal bremsstrahlung plus local ab-sorption models. For absorption fixed at the Galactic column, a source frame temperature as high as 132 +41 −27 keV is required. Free fitting absorption gave T = 55 +12 −9 keV and, similarly, a large absorption column 2.1( +0.4 −0.3 ) 10 21 cm −2 . The resulting goodnessof-fit is the same as that for a power law fit. In fact, such a high temperature is beyond the energy bandpass of ASCA as limited below 10 keV (∼ 50 keV in quasar frame); thus the un-absorbed quasar spectrum is well described by a power law extending up to 50 keV.
Broken power law-A convex power law spectral shape, like what observed in some BL Lac objects, can result in apparent excess absorption when fitted with a single power law. Fitting a broken power law with fixed Galactic absorption yielded, though having one more free parameter, a χ 2 value worse than that of the fit with a single power law with excess absorption (see Table 2 ). The resulting break energy of 9 ± 1 keV is much higher than those found in the X-ray spectra of BL Lac objects at a few keV or less (e.g. Barr et al. 1988 , Madejski et al. 1991 ). Leaving the absorbing N H free steepened the low energy index approaching the high energy index and, again, required excess absorption. We thus consider broken power law with Galactic absorption an unlikely model.
TEMPORAL PROPERTIES
The 67 hours time duration of the observation corresponds to ∼ 12.7 hours in the quasar frame, which is short for quasar timing analysis. The X-ray variability was searched for from background-subtracted light curves by using the packages provided in the FTOOLS. No statistically significant variations were found in both the co-added SIS and GIS light curves, respectively, as well as in the combined SIS+GIS light curve. It is noted, however, that a marginal, small amplitude variation could probably be present in the first half duration (χ 2 test, χ 2 = 15 for 9 d.o.f., a probability level of 0.09).
We compared our results with the RASS flux by extrapolating the best-fit model down to 0.1 keV. The predicted overall count rate in the ROSAT 0.1-2.4 keV band is 0.02 cts s −1 , consistent with the RASS measurement 0.035±0.011 cts s −1 (Zickgraf et al. 1997) within the errors. Thus no significant flux variation is found comparing the two observations of ∼ 2 years apart (source frame). It should be noted that, in the ROSAT soft 0.1-0.41 keV band, only ∼ 0.1 source counts is predicted for the 424 second RASS exposure due to the strong absorption of soft X-rays, in contrast to the observed ∼ 2 counts (a counting statistics probability of 3% only). This may imply the latter to be either of background fluctuations, or source photons scattered off the absorbing medium done to the soft X-ray energies.
DISCUSSION
The absorber
Our result extends what has been established in the redshift range of 2 -3 up to redshift above 4, i.e. excess X-ray absorption is common-one out of three objects with well determined X-ray spectra, but not ubiquitous, in radio quasars. Moreover, the derived column density of the excess absorption (hereafter denoted as N H simply) is among the largest 9 found for high-z radio quasars, which imposes a strong observational constraint on the nature of the absorber. In addition, any absorption models should be able to accommodate the absorber to the following facts: (a) relatively well constrained N H -z relation (Fig 4) , though the unknown metallicity introduces some uncertainties; (b) being neutral or moderately ionized, ξ < 2 at 90% c.l. (unless the iron abundance relative to other heavy elements is abnormally lower than solar; see above); (c) no strong absorption beyond the Lyman limit, as indicated by both the optical (UV in the source frame) spectrum and the measured B-magnitude (emitted at 834 Å) in Zickgraf et al. (1997) ; and similarly, (d) no indication for heavy dust extinction seems to be present; (e) if the X-ray emission is mainly from the jet (a likely case, see Sect. 5.2), the absorber must lie outside the jet from the nucleus or around the jet. Several possible origins of the X-ray absorption of high-z radio quasars have been proposed (see , such as damped Lyα systems, intracluster gas, the boundary layer between the jet and surrounding medium. We discuss in below the implications of the results for these candidates of both intervening and intrinsic origins.
Cosmological intervening material?
An inspection of the optical image of the quasar field obtained by Zickgraf et al. (1997) suggests readily one absorber candidate: an extended, faint (speculative) spiral galaxy, which lies about 7 ′′ away from the quasar and seems not highly inclined given the estimated optical axes of ∼ 5 ′′ × 3 ′′ . The presumed H I gas disk/halo might intersect the quasar line-of-sight at a transverse distance of from few kpc (z ≪ 1) to several tens kpc (z ∼ 1). If the object is indeed a spiral galaxy, then X-ray absorption arising from its H I gas is unavoidable. The question is whether the amount of the absorbing gas can account for the large column density derived here. Observational evidence for X-ray absorption due to galactic H I disk/shell has just emerged in a few systems (Elvis et al. 1997; Yuan and Brinkmann 1999) , but the measured N H are relatively low (several times 10 20 cm −2 ). To assess the amount of possible absorption quantitatively, we estimated the averaged N H of the anticipated H I gas in this galaxy from the optical brightness, by making use of the H I -mass and luminosity relation and the distanceindependent scaling N H ≃ 10 20 (M HI /L B )10 0.4(27−µB) (Disney and Banks 1997) , where M HI /L B is the H I -mass to light ratio in M ⊙ /L ⊙ , and µ B the B-band surface brightness averaged over the H I disk. Adopting the measured m B = 20.2 ± 0.05 and the inferred axis ratio, we found a conservative µ B ∼ 25 (Galactic extinction corrected) averaged over the solid angle confined by an ellipse out to the position of the quasar sight-line, and then the average N H ∼ 5.2 +1.1 −1.9 10 20 (M HI /L B ) cm −2 , where the errors given are from the uncertainties of m B . To match the excess Xray absorption column of 2.5 +0.5 −0.4 10 21 cm −2 (z = 0 and A Z = A Z⊙ ), a M HI /L B ratio as high as 4 -5 is needed; this seems to be unlikely as spirals being found to have M HI /L B 1, regardless the morphological type (e.g. Kamphuis et al. 1996) . Moreover, the true N H at the site of the quasar sight-line might be even lower than the estimated averaged value as the H I surface density drops rapidly outward from the center. We therefore suggest that this galaxy is probably responsible for part of the X-ray absorption, but it is unlikely-though we cannot rule it out-to be able to account for the total absorption opacity. After subtracting the plausible contribution of this galaxy (assuming M HI /L B 1), an excess column density of N H 2.0 +0.5 −0.4 10 21 cm −2 (z = 0 and A Z = A Z⊙ ) may remain unaccounted for.
Such a large amount of absorption seems not to be easily explained by the general damped Lyα systems (DLA), neutral hydrogen reservoirs with the largest column density (N H I ) known in the universe. Although DLA may have the distribution of N H I reaching a few times 10 21 cm −2 at its high end, the steep distribution function with power law index of −3 renders such systems to be extremely rare (Wolfe et al. 1995 , Zwaan et al. 1999 ). The column density deficit is even severe regarding the substantially sub-solar metal abundances (A Z < 0.1A Z⊙ ) of DLA, even at z ≃ 0 (Miller et al. 1999 ); this implies a N H of 10 22 cm −2 or more required for DLA being the absorber. Although the true total hydrogen column density N H could be somewhat higher than N H I considering possible ionization fraction of H, the correction should not be large as gases in DLA are believed to be mainly neutral (Wolfe 1993) . A detailed study by O'Flaherty and Jakobsen (1997) incorporating absorber statistics confirmed the extremely low detectability of high-N H intervening systems; the chance probability to have a DLA with N H 10 21 cm −2 on the line-of-sight to a high-z quasar is less than a few percent. This probability is even lower considering that any DLA systems, if do produce the absorption, are most likely at low redshifts so as to avoid the otherwise much higher X-ray N H required (Fig. 4) . Therefore, the likelihood of the absorption being caused by cosmologically intervening material is regarded to be low.
Intrinsic absorber?
Alternatively, the excess absorption might take place intrinsically close to the quasar. This seems to be plausible in light of the observational preference for the 'intrinsic absorption' scenario over the 'intervening' one, unless RXJ 1028.6-0844 is exceptionally a rebellion. The inferred absorption column density in the quasar rest frame then reaches the highest ever found among this type, ∼ 2 10 23 cm −2 ( 1.7 10 23 cm −2 corrected for the possible foreground galactic absorption for the expected M HI /L B 1) or even higher up to ∼ 10 24 cm −2 if A Z 0.1A Z⊙ . Such thick gas is not readily explained by the known mass components. This also strengthens the tentative, apparent trend of increasing absorbing column density with redshift, and is thus of importance for understanding quasar evolution and probably cosmic structure formation.
One immediate problem, which seems to be common among objects of this type , arises as the apparent inconsistency between the X-ray and optical data-the thick gas, if contains dust similar to that in the Galaxy in both composition and content, would have blocked essentially all the optical/UV light of the quasar thought to originate from the central region, e.g. A(λ1230Å) = 40 (Seaton 1979) for the observed R-magnitude. Though this problem may be relieved by the likely extremely low dust content or different dust compositions at high redshift (see Elvis et al. 1994 for a discussion), the lack of strong Lyman break remains a concern. A rough estimate of τ 912Å 1 suggests the absorber to be highly ionized, as N H I /N H 10 −6 (taking the conservative value N H =1.7 10 23 cm −2 ). This corresponds to the dimensionless ionization parameter U 5 (U is defined as the photon-to-electron number density ratio) for the typical AGN ionizing continuum, or, when converted to ξ, ξ 250; whereas we found ξ 2 and 20 at 90% and 99% c.l., respectively, from the X-ray data. Assuming the ionizing continuum as the extrapolation of the observed flat power law of Γ ≃ 1.7 requires ξ 370. One natural explanation to reconcile this discrepancy would be that the X-ray absorber is only partially covering the UV continuum emitting region; this may require some special geometry of the gases, such as being ambiently local to the jet if the X-rays are of jet emission (constraint e). However, as stated above, if the absorber is of iron-poor metallicity compared with solar, higher ionization states cannot be ruled out from the current data.
Interestingly, Elvis et al. (1994) related the X-ray absorption of quasars up to z ∼ 3 to cooling flows of the possible host clusters of galaxies, though the existence of relaxed clusters at such high redshifts is not known. If we take this hypothesis and extend the redshift up to z ∼ 4 for the case of RXJ 1028.6-0844, the derived large column density, compared with those found from X-ray absorption in low redshift clusters (∼ 10 21 cm −2 , White et al. 1991) , would imply an extremely strong cooling flow. The mass of the cooled gas reaches ∼ 3 10 13 R 2 100 M ⊙ , where R 100 is the cooling flow radius in units of 100 kpc. For R 100 ∼ 1 as typically found in low-z clusters, this means a cooled mass of ∼ 3 10 13 M ⊙ , and a mass cooling rate 3 10 4 M ⊙ yr −1 given the short quasar life time of less than 10 9 years. This almost approaches the 'maximal cooling flow' in which the cooling time comparable to the gravitational free-fall time (Fabian 1994) . Though these numbers will be somewhat reduced for a likely clumpy distribution of the cooled gas, a cooling flow stronger than those in nearby clusters is suggested.
It has also been noted that the massive (∼ 10 14 M ⊙ ) neutral hydrogen cloud at z=3.4 detected by Uson et al. (1991) via both absorption and emission lines at radio 21 cm wavelength, which is interpreted as indications of a proto-cluster of galaxies, could be a possible origin of X-ray absorption. The HI column density is 4.4 10 18 (T s /K) cm −2 derived from the line absorption (T s the spin temperature of H I) and an averaged N H I ∼ 5.7 10 21 cm −2 converted from the given surface mass density ∼ 48 M ⊙ pc −2 (Uson et al. 1991 ) from the line emission. If such a system is responsible for the X-ray absorption in RXJ 1028.6-0844, the gas must be hot with T s > 10 4 K, and/or somewhat ionized, N H /N H I > 10; and these lower limits will be raised if A Z <A Z⊙ . Thus the inferred T s and/or total gas mass are likely exceeding 10 4 K and 3 10 14 M ⊙ -values proposed for a "Zel'dovich pancake" (Sunyaev and Zel'dovich 1975) .
If the quasar X-rays are dominated by jet emission, the absorption may be caused by intimately jet-linked material. Such a scenario explains naturally the lack of UV absorption and reddening, which seems to be a commonplace for high-z radio quasars showing excess X-ray absorption. It is of particular interest to, as mentioned in Elvis et al. (1998) , relate the X-ray absorption with the optical-radio 'alignment effect', i.e. alignment of extended and polarized optical emission with the radio axes, found in high-z radio galaxies (e.g. McCarthy 1993), which is though to be of (dust) scattering and/or star-formation origin. A class of dust scattering models advocates the existence of gas-dust clouds embedded in a multi-phase boundary layer formed (from interaction) between the jet and ambient medium (e.g. De Young 1998). Though such a jet environment is largely uncertain, it is interesting to note the following orderof-magnitude estimation. We consider a specific set of model parameters adopted for roughly satisfying the physical condition and observations as proposed in De Young (1998): gas density n = 10 − 100 cm −3 , cloud size R c ∼100 pc; we assume the boundary layer contains one layer of similar clouds, i.e. its height is characterized by the size of the clouds R c . Consider an X-ray photon emitted from the jet with an angle θ respect to the jet axis in the observer frame; for FSRQ, θ is small, θ 10 • . The average number of clouds that the photon is expected to encounter before it escapes out of this 'cocoon' is N enc = R c /(sin θ d c ), where d c is the mean distance between two neighbouring clouds. If the clouds are abundant enough, d c /R c (sin θ) −1 , N enc reaches the unity (N enc 1) and results in X-ray absorption with almost full coverage as viewed from the observer. The column density is estimated to be N H ∼ nR c N enc = 3N enc 10 21−22 cm −2 ; thus for only one encounter on average (N enc =1) the resulting N H is sufficient to account for the X-ray column densities found in most excess absorption quasars. To reach N H ∼ 10 23 cm −2 in RXJ 1028.6-0844, an increase in N enc up to several encounters is required; this may be reached by a rather small viewing angle to the jet θ, and/or an increased cloud number density (reduced d c ) . For such a model, the presence of X-ray absorption in radio quasars might be governed by the formation of such a boundary layer, for which cosmic evolution is needed to explain the difference at high and low redshifts.
The quasar
The 2-50 keV luminosity of 2.6 10 47 erg s −1 , after correction for the total absorption, makes RXJ 1028.6-0844 one of the most luminous quasars. Furthermore, if A Z 0.1 A Z⊙ , we have N H 10 24 cm −2 and the Thomson depth τ Th ≃ 1.2σ T N H reaches the unity for photons with energies above a few keV (so that electrons bound to atoms can be treated as free); electron scattering becomes non-negligible and actually dominating the opacity for photons with E 5 keV. An additional correction for such an electron scattering opacity would raise the 2-50 keV luminosity at least a few times higher, perhaps approaching 10 48 erg s −1 . This will make the quasar one of the most luminous steady objects if the radiation is isotropic. Fig. 5 shows the spectral energy distribution (SED) for RXJ 1028.6-0844, with the X-ray luminosity corrected for the total absorption. The UV luminosities (L UV ) are somewhat uncertain due to unknown dust extinction possibly imposed by the X-ray absorber. For a comparison, also plotted are L UV (open circles) for one extreme case in which the absorption is solely attributed to a local intervening (galactic) absorber with the Galactic dust-to-gas ratio; L UV then reaches 10 47 erg s −1 . The situation is far less clear for the case of intrinsic absorption, as discussed above; in any case L UV must be no less than the observed values corrected for Galactic reddening (filled dots).
It has been pointed out by Fabian et al. (1999) that this object (and the other two z > 4 quasars) is distributed somewhat apart from the bulk of nearby blazars on the α rx -α ox and α ro -α ox planes. For RXJ 1028.6-0844, this might be, at least partly, a consequence of optical/UV extinction imposed by the obscuring matter; the actual α ro and α ox would flatten and steepen, respectively, and this would shift the object toward or into the bulk distribution of FSRQ and radio-selected BL Lac objects in the α ro -α rx -α ox parameter space (see Fig. 4 in Fabian et al. 1999) , depending on the amount of dust extinction. For example, assuming nearby absorption and the dust-to-gas ratio similar to the Galactic one, we found 10 intrinsic α ro =0.56, α rx =0.75, and α ox =1.11.
Both, the broad band SED and the extreme X-ray luminosity suggest that RXJ 1028.6-0844 might be a blazar type object; its high radio power is also of typical FSRQ. We may thus come to the suggestion that all these three z > 4 quasars, regardless the strong X-ray absorption of RXJ 1028.6-0844, are of the same class, and the X-rays are thought to be emitted via inverse Compton radiation (Jones et al. 1974) . Similar to GB 1428+4217, as discussed in Fabian et al. (1999) , the optical/UV luminosity (potentially even higher) of RXJ 1028.6-0844 might not be dominated by the beamed non-thermal emission, but originate from accretion process, which implies the formation of massive 10 8 − 10 9 M ⊙ black holes within less than 1 billion years in the early stages of the universe.
Though the quasar spectrum, owning largely to its low energy absorption, is consistent with that of the cosmic Xray background (CXB) in the 0.6-10 keV ASCA band, i.e. Γ = 1.4 power law (Gendreau et al. 1995) or kT = 40 keV bremsstrahlung (3-50 ekV, Marshall et al. 1980) with Galactic absorption (fits of fixing these parameter values resulted reduced χ 2 =1.1 and 1.0 for 212 d.o.f., respectively), this type of objects appear simply too rare to make significant contribution to the CXB.
Finally, it is noted that the quasar 1508+5714 at z=4.3, when fitted with a redshifted bremsstrahlung with Galactic absorption model, revealed a high rest frame temperature 93 +40 −24 keV (90% errors, Moran & Helfand 1997) similar to that of RXJ 1028. 6-0844 (131.7 +40.5 −26.7 keV) found here. The latter apparently results from the low energy cutoff in its spectrum. It is thus likely there is excess absorption in 1508+5714 as well, but its ASCA observation was not deep enough to allow a significant detection. Nevertheless, the potential excess absorption N H should not be large, given a 90% upper limit as 1.3 10 22 cm −2 at the quasar redshift (Moran and Helfand 1997).
SUMMARY
We present the broad band 3 -50 keV (source rest frame) X-ray observation of the quasar RXJ 1028.6-0844 at z = 4.28. The spectrum, with unprecedented high quality among observations of objects at similar redshifts, reveals evident, substan-tial excess X-ray absorption. The redshift of the absorber is, however, unconstrained. The absorption N H , depending on the distance and the metallicity, ranges from 2.5 10 21 cm −2 for local absorption up to 2 10 23 cm −2 for absorption at the quasar redshift, or even higher if the metallicity is sub-solar. We attribute a probable part of, but not all, the absorption opacity to a putative foreground spiral galaxy. The remaining absorption column density, most likely the majority part, seems not to be easily explained by cosmological intervening systems. Future observations with XMM and Chandra would be able to identify the location and to measure other parameters of the absorber, by, for instance, detecting possible edge features of iron and/or oxygen at above 7 and 0.5 keV, respectively.
The unabsorbed quasar continuum is well described by a single power law with Γ = 1.67 +0.07 −0.04 extending up to 50 keV in the source rest frame. The absorption-corrected luminosity reaches as high as 2.6 10 47 erg s −1 , without considering possible electron scattering effect. No statistically significant X-ray flux variations are found during the relatively short observational interval, neither when compared with an early ROSAT Survey observation. Based on its extreme apparent luminosities in the X-ray and radio bands as well as the broad band SED, we suggest RXJ 1028.6-0844 to be a blazar type object, similar to the other two z > 4 quasars measured with broad band X-ray spectroscopy. Background counts normalized to the source extracting region, which are the extracted background counts divided by the ratio of the background-to-source region areas (in bracket). e Background subtracted count rate in units of 10 −2 cts s −1 in the 0.6-10 keV band for the SIS and 0.7-10 keV band for the GIS. 
187/208
a Column density of hydrogen in units of 10 22 cm −2 b Nomalization in units of 10 −4 photons s −1 cm −2 keV −1 at 1 keV. For joint SIS+GIS fits, the values given are of the GIS, and those of the SIS are within 10% less in general. c Nomalization as given in XSPEC in units of 10 −14 /(4πD 2 ) n e n H dV , where D is the luminosity distance to the source (cm) and n e and n H the electron and hydrogen densities (cm −3 ), respectively. d The break energy of broken power law in keV. Non-specified uncertainty means the value is unconstrained. FIG. 2. -Residuals for the best-fit model-a power law with free absorption column density to the joint SIS and GIS data. The SIS data below 0.7 keV are not used in the fitting but plotted for a comparison. The plot symbols are the same as in Fig.1.  FIG. 3. -Confidence contours of fitted absorption column density and photon index for the total absorption at redshift z=0 and for the excess absorption (with additional fixed Galactic absorption) assumed at the quasar redshift z=4.28, respectively. The levels are at 68%, 90%, and 99% confidence, respectively, for two interesting parameters. Solar elemental abundances are assumed. The best-fit values are indicated by a cross. The Galactic column density and a conservative 30% uncertainty region are indicated by dashed and dotted lines, respectively.
FIG. 4.-Contours of allowed excess absorption N exc H and redshift of the absorber for two interesting parameters at 68%, 90%, and 99% c.l., respectively. Solar elemental abundances are assumed.
FIG. 5.-Spectral energy distribution of the quasar in the source rest frame, in which the luminosities are at the emitting frequencies. The X-ray luminosities are corrected for the total absorption. The RASS measurement (triangle) is converted from the count rate assuming the spectral model as extrapolation of the best-fit absorbed power law derived in this work, and at a frequency corresponding to 1 keV in observer frame. The UV luminosities are obtained from the optical B-and R-band (non-simultaneously) photometry data (Zickgraf et al. 1997) , with the correction for dust extinction applied for: (a) Galactic extinction only (filled dots), (b) Galactic plus an addition column of N H =3 10 21 assuming the Galactic dust-to-gas ratio, corresponding to the case of a local X-ray absorber (z 0.1). In the case of intrinsic absorption, the intrinsic UV luminosities are uncertain, but no less than the observed, Galactic reddening corrected values (filled dots).
